Objective: To study the cost of antimicrobial therapy along with concomitant drug therapy in Critical Care Unit (CCU). Material and Method: Study was conducted at charitable trust hospital of metro city in India. Total 270 patients admitted in CCU were included. Daily bill of drugs from patients were taken and cost mentioned in the bill was recorded. Currency was converted from Indian to United States currency (`54.81 INR = 1$USD). Data were analyzed by student 't' test, x 2 test and Z test. Results: Patients were divided according to Group A (directly/first admitted in CCU) and Group B (transferred from ward/operation theatre to CCU). Duration of hospital stay in CCU, patients on ventilator support, mortality were significantly (p<0.05) higher in directly admitted Group A patients as compared to transferred Group B patients. Cost of antimicrobial therapy was significantly (p<0.05) higher in Group A as compared to Group B patients and accounted more than one third to cost of total drug therapy. Cost of concomitant drugs like inotropes was significantly (p<0.05) higher in Group A patients. Cost of gastrointestinal drugs and analgesics were significantly (p<0.05) higher in Group B patients. Cost of antimicrobials like piperacillin+tazobactam, cefoperazone+sulbacatm were significantly (p<0.05) higher in Group A patients. Cost of amikacin and metronidazole per patient were significantly (p<0.05) higher in Group B. Cost of beta lactam antimicrobials like amoxicillin+clavulinate, piperacillin+tazobactam and cefoperazone+sulbacatm accounted more than 40% of cost of antimicrobials. Conclusion: Cost of antimicrobial therapy was higher in directly admitted Group A patients in CCU. Cost of antimicrobials per patient was accounted more than one third of total cost of drug therapy in CCU. In antimicrobials cost of beta lactam antimicrobials was higher as compared to other antimicrobials.
INTRODUCTION
Critical Care Unit (CCU) is a designated ward of a hospital that is specially staffed and equipped to provide observation, care and treatment to critically ill patients. 1 Critical care units (CCU)s are a costly resource. 2 Intensive Care Working Group on costing had developed cost block methodology for CCU cost calculation and comparison. According to methodology cost block of consumables included cost of drugs, piped gases and equipment with a life span of less than one year used in CCU. Cost comparisons of different CCU in various countries require a method of converting local currency into universally applicable unit of cost. 3 CCU beds account for 20-40% of all hospital costs and three to ten times the cost of a hospitalization on a regular inpatient unit. 4 Fast technological innovations and improved medical practices in CCU are in large part responsible for both increased patients' survival and rising cost. 5 Udwalia et al., reported that staffing, intravenous fluids and drugs accounted for 75% of the cost of CCU. 6 Antimicrobial agents are widely prescribed drugs in CCU. Yalcin et al., found that cost of antibiotic therapy per infected patient was $1190. 7 Study conducted from India reported that antimicrobial cost accounted for 50 -70% of the total drug expenditure in CCU. 8, 9 Despite the high costs associated with CCU stays, there is a relative lack of information relating to the cost of antimicrobials therapy at CCU care in India. Sometimes patients those admitted to CCU had to borrow money or sell their assets. 10 There is limited data of cost of antimicrobial therapy in CCU in India and from our city. Hence, we proposed to study to analyze cost of antimicrobial therapy along with concomitant drugs prescribed in the CCU.
MATERIAL AND METHODS
The study was continuous, prospective, longitudinal and observational conducted at critical care unit (CCU) at Charitable Trust hospital, India for a period of July 2012 to March 2013. A study approval was taken from medical director of hospital before starting the study. All the adult patients were included irrespective of its diagnosis. Investigator collected daily drug bill from the patient and were recorded in previously formed data record form. Cost of antimicrobials and concomitant drugs on each patient were calculated.
STATISTICAL ANALYSIS
All the data was entered into Microsoft Excel sheet and subjected to statistical analysis test. Currency was converted from Indian to United States currency (`54.81 INR=1$USD) exchange rate as per on date on 06/04/2013 available from official Reserve Bank of India's website. The data were analyzed by using Student 't' test , x2 test and Z test.
RESULTS

Analysis of demographic data
All adults 270 patients were admitted in CCU studied for a period of 8 months from July 2012 to March 2013. They were divided into Group A (directly /first admitted in CCU) and B (transfered from ward/operation theatre to CCU). Patients age group above 50 years was and male patients significantly (p<0.05) higher as compared to below 50 years age group and female patients respectively. Mortality, average duration of stay in CCU, patients on ventilator support were significantly (p<0.05) higher in Group A as compared to Group B patients. It was observed that average number of drugs and average no. of antimicrobials were significantly (p<0.05) higher in Group A as compared to Group B patients (Table1). 
Analysis of cost of group of drugs per patient
DISCUSSION
Analysis of demographic data
In our study more than 50 years age group patients were admitted significantly higher in both Group A and B. The reason may be due to life threatening diseases are common in this group which may required CCU admission. Mortality was significantly (p<0.05) higher in Group A. It may be due to more no. of Group A patients on ventilator and mortality was higher in patients on ventilator. 11 Mean duration of stay in CCU in Group A patients was higher due to more number of patients on ventilator while Group B patients were admitted for critical care to post operative patients or transfer patients from ward. Average number of drugs prescribed per patient was more than 7 in both Group A and B patients which was lower to study by John et al., where average drug was 11.6 ± 2. 12 In the CCU, due to critical illness and multiple co-morbidity polypharmacy was prescribed Average antimicrobials prescribed was significantly (p<0.05) higher in Group A patients as compared to Group B patients. As more no. of patients on ventilator and average duration of stay in CCU were higher in Group A so they were prescribed more antimicrobials to treatment and prevention of hospital acquired infections.
Analysis of cost of group of drugs per patient
Average cost of drug therapy was `10789 ± 3130 ($196 ± 57) in Group A patients which was significantly (p<0.05) higher as compared to Group B patients. It may be due to average number of prescribed drugs were higher in Group A patients. Our study report of cost of drug therapy was lower as compared to reported by Biswal et al., where it was `19,725.9 The reason may be that in their study the mean number of drugs was 22.2 during the entire stay. Nepal reported that an average drug expenditure was $33.4 ± 16.2 in their CCU which was lower as compared to our study. Some developed countries reported that drug expenditure per patient per day in CCU ranging from $208 to $312 which was higher as compared to our study. 13, 14 Average cost of antimicrobials in Group A patients was `4054 ± 2014 ($73 ± 36) which was significantly (p<0.05) higher as compared to Group B patients. It may be due to average number of antimicrobials as well as costliest antimicrobials were prescribed higher in Group A patients. Our cost of antimicrobial therapy was higher as compared to both report by Patel MK et al., and Williams et al., where it was `2722 and `1995 respectively. 8, 15 Shankar PR et al., reported that cost of antimicrobials was $16.5 ± 13.4 which was lower compared to our study. 13 Study conducted at Belgium and Turkey the mean overall daily antimicrobial cost was €114.25 and $89.64 respectively. 16, 17 Both were higher as compared to our study. Cost of inotropes, cardiovascular drugs and anticholinergic drugs were significantly (p<0.05) higher in Group A patients. These drugs are frequently used in the critical care setting for management of the unstable cardiac patient. Patel BJ et al., reported that cost of inotropic agent was `262.31 which was lower compared to our study (`1237 ± 846). 18 Respiratory drugs cost were significantly (p<0.05) higher in Group A patients as they were commonly prescribed in patients on ventilator and critical care patients to maintain respiration. Cost of gastrointestinal drugs and analgesics were significantly (p<0.05) higher in Group B patients. They were prescribed to reduce gastritis, nausea, vomiting and postoperative pain relief.
Analysis of cost of most commonly prescribed concomitant drugs per patient
Cost of Adrenaline, dobutamine and streptokinase were significantly (p<0.05) higher in Group A patients. Study by Myburgh et al., reported that daily cost of dobutamine and adrenaline was $20, $14 respectively which was higher as compared to our study. 19 Cost of streptokinase was similar in both in our study and study by Patel BJ et al. 18 Cost of midazolam was significantly (p<0.05) higher in Group A patients. Study conducted at Canada reported that cost of midazolam per patient was $180.10 which was higher compared to our study. 20 It may be due to that Canadian study only include those patients who was prescribed midazolam. Cost of pantoprazole was significantly (p<0.05) higher in Group B patients (above $9). Lin et al., reported cost of pantoprazole was $20 per day which was higher compared to our study. 21 Pantoprazole is useful in prevent bleeding and stress induced ulcer in critically ill patients. 22 Cost of furosemide and diclofenac per patient were significantly(p<0.05) higher in Group B patients. Furosemide was used for post operative retention of urine or other hypertensive, edematous condition while diclofenac was used for post operative pain management in surgical patients.
Analysis cost of antimicrobial groups per patient
Cost of cephalosporins and fluroquinolones were significantly (p<0.05) higher in Group A patients. They may be due to higher number of patients on ventilator in Group A patients which required longer duration broad sepctrum antimicrobials. Cost of penicillins, aminlgylcosides and nitroimidazole were significantly (p<0.05) higher in Group B patients.
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Analysis cost of antimicrobial agents per patient
Cost of piperacillin+tazobactam and cefoperazone+sulbacatm were significantly (p<0.05) higher in Group A patients ($17 ± 13, $14 ± 11) respectively. Study conducted at Turkey daily cost of piperacillin+tazobactam and cefoperazone+sulbacatm were above $8500 and $4000 respectively. Both were higher as compared to our study. 17 Both antimicrobial agents were prescribed as broad spectrum antimicrobials in our study. Cost of ceftriaxone+sulbactam were significantly higher in Group A patients ($10.51 ± 8.3) which was lower as compared to study conducted at Turkey ($197 to $394). 17 Cost of levofloxacin was significantly (p<0.05) higher in Group A patients ($3 ± 2) as compared to Group B patients. Study from Germany reported that cost of levofloxacin was accounted for 15 to 30% of total costs which was higher as compared to our study where it was 4.72%. 23 Levofloxacin was prescribed to prevent and management of hospital acquired infection due to multidrug resistant organisms. Astagneau et al., reported that the daily antibiotic cost of multi-resistant bacterial infections was 20% higher than susceptible infections. 24 Cost of amoxicillin+clavulinate and cefotaxime+sulbacatm were significantly (p<0.05) higher in Group B patients as both drugs were used as broad spectrum antimicrobial to prevent post operative infections. Average cost of amikacin and metronidazole per patient were above $7 and $6 significantly (p<0.05) higher in Group B patients respectively. Study at Turkey reported that daily amikacin cost $796 and daily cost of metronidazole from $551 to $1004. 17 The reason behind high cost observed in Turkey study is may be due to it was conducted in six adult ICUs among 8460 patients. Cost of vancomycin was significantly (p<0.05) higher in Group B patients ($2 ± 1) and it was prescribed for methicillin resistant Staphylococcus aureus (MRSA) infections. Daily antibiotic cost of MRSA infections was 2-3 times higher than infections with susceptible strains. 17 Cost of linezolid was significantly (p<0.05) higher in Group B patients. It was prescribed to prevent CNS infection in post operative orthopedic and neurosurgical patients. Study by Myrianthefs et al., suggest that linezolid achieve adequate concentrations in the cerebrospinal fluid for management or prophylaxis of CNS infections. 25 Cost of amoxicillin+clavulinic acid, piperacillin+tazobactam and cefoperazone+sulbacatm per patient account more than 40% of cost of antimicrobials. Vandijck et al., reported that β-lactam antibiotics accounted for 33% of daily cost of antimicrobial agents similar to our study. 16 Our study revealed that cost of drug therapy and antimicrobial agents per patient in CCU were higher as compared to developing country but lower as compared to developed country. Cost of antimicrobials was accounted more than 30% of cost of total drug therapy. Our study will helpful to educated prescribers about cheap and affordable drug and antimicrobials in CCU patients. Out study will also helpful to hospital administrator to know about cost of drug therapy during hospitalization in CCU. It will also helpful to give economic benefits to poor people when they were admitted in CCU particular regarding cost of antimicrobial therapy. In our study limitation we did not calculate laboratory cost, hospitalization cost, CCU equipment cost, staff cost, indirect cost like transport cost, loss of wages.
total cost of drug therapy in CCU. Cost of beta lactam antimicrobials per patient was higher compared to other antimicrobials in CCU. This study will helpful for education to prescribers, rational and affordable prescription of antimicrobials and better management of patients in CCU.
CONCLUSION
In conclusion, our study reveals that cost of antimicrobials and cost of concomitant drugs were higher in directly admitted patients (Group A) in CCU. Cost of antimicrobials per patient was accounted one third to
